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' , ] , ,
','" : ,,,.• _':_ :.r:' ! _: - , ,¢ ,, ¢: "q:'--II):t I . ' :tc¢I ;{, J.foil, [I _:!0 f dib|tl;itc

l: ' :;. " ' "''"I ,"_':,t ,,'. \'1': ".,c.:{,'.I".'._,t].,tqthc_Ip(,;l_r,."_t]r,.ofthu

_',", -" • ;:' ..:Ji,'.. .... , _.-,-t - ..... ...'.,:-_,:lf:,A-',J,,:':cnl:cad:,i,d4:ftofnitr):_:l.., ..

! .."-',t I: ::_._ _.,_" . . d,',,.: ,I:.d-, ,:' :,,:.' :.-,t[,. i:.,..,.tu,.dc,_xityp_c.,;'.,rcc\t,.:'d,.'d

t: • . :' : ' . " : r. ;: . t.: _-, _': "" ! '.:* :z; I... :':.';.: 'd:."! '.' .'.:". tt-L:_-. :'.:ILl'"- ['V 2:: ::P.:'_:":_.

V,].,, ',, _,, ":.I _.:: I c ' ',' ';,'L:,'V' ;,,, - r,'" :', :",: -t:tc ",,: l..:': :,raturc ll3('05Ilrklllt'IItS. Ai'-O,

__",:C,:: ..... ):" (,: ,.,, ,.' , ,_t.,, ,i :.". * ti,, :I.:,..r,." C't :',.'t :-_. I,:]i:.V. I'] tJ](" cavi',,, a;_prl_cd Io

b-,, t':, ..':,,: _,: i :' '. ::_.':_ l,,:/d t.,:::,c_,:t.r_, xcl ," ;,+* a:,d axi,d pq.-,itio,_ wit!fir, t.t:e

.... , _I ,r, _c:,c' .d, t] ,z prc-.surcs and temp: r::tures within
tl'; (.,".i". ,'."t l;* t i_: :'_.q_;w:xn.m:i." _ ql-,:_b_<:,_.

p:,.-.t¢_'r.,:.:_ ' , !,):'cd c:._,,.:ti,.m i:_ liquid nitroven are shown in
1":_.. 3; 9 :" p,:o..ity _,: ti:.- :.itlC<_ ,: _.:x ill,'s u.-_.ulv dccl(a_es _ith in_re.:qing velocity or

i:,: _c,:ei:,,., t,':::pcratt:rc. The-,.' i,!._?',,,_,_ap',_.,. ,:r,_' rct_rc.,;:'ntative of c(mdi_ions at which data

x_crc rc&* "_'ed..'-imii.,t ],h:,._,.,, .:phs cl i,x. ,1. (,,.wn cax itic.., a"c hot shown ]..,cca,_.-.c the c,:vities

a_e r.,o_i--m_:> and llql:o:n] in sm_cturc [1].

EXTENSION OF THE CAVITATION SIMILARITY
EQUATION T!IEORY _

The similarity .-'q,a:i,,n far devtioped c.:xit::t:on is given by Gelder rt .I. ps] as

 tT!t2:i: i.U.,} o)

Vo=¢,5g_ft,,,, _ Tc ':O1"I_, Vo,l_t3t,,_.c , ro-.:O_'_ '

Po" _'37b p',a. %., t 52, Po" 2890 0s,o, Xv • 2 t.}6

] _ " " -

, i 1, {
[___ I,

1 _t ......... J _ ...... J FiB. 3. _fft'cts of velodt)" and ttmlmatur_ on
vo- _ _5., see,To.t¢0v... vo• _r.,,_,. ,w, _.=tr-o_,R, the appeartnce of devdoped tmvitiet in liquid

,t e,,.,,_aor_,o,K,,.O_ Po.',ot__,o, ,c,,.,ea nitrogen; nominal 4rarity lenllth, 3.25 in.

I *&plfli_tions of the similarity t_lUttion are desctlb_ in the intto_ucti_ to this peper and in the

! _l_tU_['_"_""'1.

i--

• , .. J,'- _ .... . ,. , .'; , 2'>__.,-.,_ ,_

• . . .;' -. - _ ' . "_ _ _' '-. ': " ";" "i ". ' " " ' - ' ' . " ". '.'q1,,._ _¢'._. t_''_ a.;
._ _,, . ' _ _ ,' ,.., .......... ,','_, . :. . . • " , .. ,. , • ;;.:;ee " -:,-.g-.,...; '" _.' ".;,¢, ,,.' *'_._'_,&.'L_.-_'",,, "::

_,_ : . .. , , ...t.._ .. _.. r:, .. :_' _ '_,.._a' ";,_.e,.%:: " ',_,,i;>,_,,_._ ,-_.,' ' , r _: *,_.' '.'..._g:. " ' -;,. ":."," - - '......, . • , m_ _ .. ... _._.r%_:._ _._:.-._ .-: .-_-...._,_._.:{:4g-xl_;,° -'_._<,.:_a._f.i .. •..... . .,t,"..,,-..., ,x._... ,,._. 1_,.f_14.¢.,.:._.-,'"-"" -_:.:....._ ,- e -- I
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ht-ath_. 1..',-;: ,.r..:t,.,,(,h.,.t,,. , : l:'..t.:.,,:_)v !.'"r I:T," _.c.:'..' ;; _. :, :;I:. _,,_'_''..,.,,v.'.,"

t!Jo)rt l::','] ',,' . • i'. c;.! ",! 1., ".ti. ' . ;_l._d._.rls. ] r :,. : *,;_t -r', , ', ":'.:¢." _;-'t_¢:'r: t,:e vapor
_,:d th.' c(,r. ,',.' ):q ::d 1,!_', :.t :}:': I, 'uv-: ",,v:': !.,tc'f,j_.c. The , _':,, 2._umt ,'.",l_su';.'c' to
d.crr.,: ]_t L,.,c i, ,.'.u: ,t_.i ::_.. ! _., .,'.,:.'-;.I at;,,:c,,_ i ui,d ..,re
l,°j.

To :,(c,.).," ', f?r d," _ ': - ,_,: . c,._c I.,¢tv,cen th:o,s _r_d pr:_cti.,.', (1) c_:_ be wr_t_..<,,,in the
fo.o ,sinL i-o),_;:

,o); (2)

The expon,.'nL_ in (2) z.re t-x::!u,'ted from experi:nent,_l data _s follows:

1. B, is el rained for each e,.:;" rhnental data point trom a cavity prcssure-d,'pressio,)
{Pv - P,_) is, ,,j2,, fa'.tu: plot [:;J.

2. One d,,ta po;,_t is atl,;:r._rily ihoscn as a reference; the :_,1, I'"o, and B l from the
cho._en e.xF,eri::,e'u_l n,n :itc tb'en i:t: t':_d into (2)as cvn_,.'_ants_;here tile subscript "rcf"
occurs. "i he i _":ru can he co.sid,.'r:-6 equal to unity (_s in pre,'i')u_ studies [4, _s]) or a
fur_ctic,, el c ,_ir_ ler_2th i and vck,city 1"o(see di-eussion bole;v): in tiae latter case, the
it(rmis "_ _"ah.-_,,,,cc, _:,t_ tiae 1 vr.l i'_ terms.

3. VM.:e_ of _, l, ur,d I_, fro:,: each dat;_ point arc then in,:crt_d into (2) ,_s tr c non-

subscripted tcrms. "i'),i:. I rodtlces all equation for every data poip,t c_cept the _.;,t c,_:-sen
as a referenc._'.."(f.re tl.,''. t]'_' :_r '.no:',Hs in tiff> s."t of s_:r,::ltancoas equati_r,z "-_ t/ and

, the c:,:ponent. ° :,;, n, aud p.
4. The c,_tnpu':er is tt:cn pro;:rammed to rankle through v_lues of the e.q-,_ncnts--

: one ,_:a time. |:or each new_ al'.,e of m, n, or p th." eo:npatcr f,.d3 tile vaiu,_ for P,, Oil the

._ left side of (2), then computes the sum of the sq_t,:res of the diffcrences b_:twcen the calcu-
•_ lated B and the !2, fl,r each equation. The com?utcr adjusts the e..ponents until the sum

of the square_ of the dmert.ncc., _,re minimized; in some ,ases, one or more exponei,ts <
_" were held cor;_-tant at d_coretical or :_rbitrarv vah;e_. This proce,,s e_,sures that the calcu-

lated B values ._re brou_i_t zs closely as possible to :heir rc._pcctivc 'heoreticzl Bt _,atues;

:_ the exponent_ computed iu this manner repre.,ent the best agreement between expuri-
,3: ment, equation (2), and the enc_zv balance equation for B t. i

": t
; In the work of Gcklcr et al. [ts], the cavity thickness ratio it, (2) was assumed to bc
':- unity and the exponents for the other terms _cre experimentally evaluated. The exw_-

nent_ obtained by Gclder el al. for F-114, aloug with the theoretical e_ponents for (1), '_
were applied to the data ebtai.cd in recent e_pcrimettts [_]. The "best fit'"sct of rxponents

! _-ere also obtained by computer for these data, again assttming the i term equal to unity.
Tables of exponents, along with their standard deviations in the B factor, are given in
]'able I for hydrogen and Table 11 for nitroL'en. The standard deviation is a measure of

It the validity ot: the theories for the similarity and "it expressions as both are evaluated from
experimental dafa. The numerical value of IIt u_.ally lies between t ,'o and five.

! Because the "b_st fit" exponents vary appreciably from the theoretical values, one1

l_$ibillty for intpmvement is to let i be a function of cavity length and velocity. As an
i ¢_tample, assume that the cavity has tl_ shape of a semicubieal parabola, t _ -- axe; if it t
11 it tdto assumed that the coordinate proportionality factor is linearly related to l'e, then

1

.-,":_":,,:,';,:_Z_..::,•

I
_' '_'F_;_',_<_A_.:',,L':.:.. .... ' - "-:" " ' ' "".... ' "-" ' '"_"_' _"_'
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C3v_'..,I;on,.L Lh_L; ""y¢: :'" 2i')

f /| ).,t._ I bourc" (,t+_,;,,.r,cl_t., lZxl,,mtt,t>++ ._.i.m,.t_r,Jd,'_, ,:.,;n+t

idcnht,td- I l.............. 1 u*.m;;? ?5 m
t,,,, l ,:, :, i c,,,, ;. a:. , .,: e.......

....... I ...................... 1

T2-! "1r.'-'t'r7["*J, :"._ i - i,,, 0 5 :+_ i 0.5t5

q"2-2 Ct'.dcr, el +./ [_"] 0 5 0 S.r, 0 671
t'\[', FIIIiI'IL l, +_ t!*lt.I

v v_: F-I 1-/
"1"2-3 (:,:a,pmrr ":-_._',tfit" 0.5 0.3_';5_ 0.533
T2-4 C,,mp.+tcr "b,-st fit" - 1,22" 0.4'C _ 0 498

7

c=--: ..... 7+7";:.-:
"v t.-,*_-'i ,, I,t.'*v here N = mlmber of detz pmnts, /3'tis compt.,tcd from'lStan'Jerd Dc_:.,t,',n =- /_ ¢ ' '

+hoot3 [:+], _nd /; _s t,,mruted fr,.r;a(2).
'Exponents s. lc_tcd by computer. |'ram experimental data, using z "'least squ_res" fitting ttchnlque.

"-_-)"'_', 0.5 (!/) -0 16"d \i_r _fl _ 0.333
:

,-,] xO3i_";The Ik, _rer' " term is t_ken as unity in (4) 1,_c;u_se the similarity equation reouires
, f,eomctrical!v s,..;..:tarcavity shapes from fi:dd to !]t:id rot a st,ecif,c t."st item; al.,o, correla-

lions* betwtt.n fiu,ds arc nc-t bcmg evaluated in th:': study. ():he; b::sic g,comet_ ical tavity
sl:aFes can Le :,,_::,ed a,:d d+lh.tc,at e,:FOner, ts f_r the I and I o tcim_ wdl result. Table I

z lists the ztand:rd ;teviatio,: i:; B factor re_.ulting from the use ol ._a:'eral assumed cavity

shapes, _s applied to the liquid hydrogen cavit:.:;an data ob:-;,ir+ed from recent c+¢peri-
ments. The c;:,.i:y ti,:cLncas n_.ax' a,_o ,. treated '..-,a function of cawty length, but inde-
pendent of ve]uca/. In this ca'.c H -- h.r'_ where c i'nd rc deper_.t only upon the ._st_mrd
cavity geometry, e.g., q -- w = 1 for z _tndght-hne variation, etc. Computer rtsults for
some basic cavity shapes (negl.. cting effect of vciocity on cavit) thick hess) are also given
in Table I.

DISCUSSION OF tLESULTS

Developed-cavitation dar:- for nitrogen were obtained for one cavity length only; _,
therefore, the po._tulations couccrning cavity shape could o::ly be applied to the hydrogen
data where thie¢ cawty lengths svere available. J'xamination of "Falfle I shows that the
basic theory (data set TI-!) gixes rather poor res,alts in terms of the standard deviation.
Better results ate ubw.ined by u_ing the exponents of Gelder et al., (data set TI.-2) or by

permitting the tomputer to select one or more ef the exponents (TI-3 through TI-13);
of course, the b-_. : _t exponents in sets TI-10 through TI-12 give the best results.'{"

In Table I, three different cavity lengths were used as references in order to :etermine
the effect of reference length upon standard deviation. The exponents m = 0.5, n =

*Limited nitrogen data precluded eorrelation between nitrogen and hydrogen fluids. NASA
Lew_ Research Center per._onnelare prepanntl computer correlations [_s]using available hydro-

I gen and F-114 data.lStandard devtatmn is minimized in those computations where one or move exponents are *elected
by the computer; the absoluteminimum standard deviation iaobtained by permitting the compu-
_r Ito_elcct all three cxpomm_.

.I
Jlm - ;' ++.!+L"+,,_.t ." [ " --o_+ ,+ ; -.

!i :+
_,,.+,, +.+:++:..:'.k., ,;,',+.-+,,m_,, ....._,_,,_,._:_ p- _+_+'oK,;++_.+.++;,,+?o,,,,++.;,_+:._;,:+,..e,++z+.++,+_,+,.,++'+.+O:.;_,_.+.... "" ":',':,_.:'-,:._l-,;._-",'..._ I
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!% it ,", i.'.L ' _l It 7, 7C,,.,r, aPd'i" i' t,,,IJt.i "jr,uit-, .t ('., ,t ltr_nof _'(h)lt'l-_e (]l_colit_a
"!', i_'] t, ,."1,' .\t.g'l'i']. I)-oT,'.'It'_>Y).

2? It 7> l" .... l ,'_,i "J t". (._', ','r, "i':_" <, _ t Air ('(,ll_.i " r,., :. \Va:e, Pi._,'," _ ,, Liquid 'l'_i_io.,_

2I. ;. 5; l"._,,' ,rl :,!, i 't' i,'. tJcl<Jcr, "t.' . i'A!on a.l¢l i li,'.',._,t - I._qmd T,>ll:i ,- cf Nl:ro$:cn in a

".*' ,'3,1.;t \',-,it, "1 " 7"-.'_ t;_ '"X'-2(l.u'c; (l' .A)

2)-. "1" z , (lt.titl, 1< 1.1. 7] >l', , _r_.; 1_. _> i,.,'.,t'eri, ' Jncip,r,'l, t_a;it?tiorl o¢.f+i,o:i-1 14 iiia'luil_l¢l

Ve,.'.ur,,' N : g.', '] : ; i +?(,;? t lC;"'_1-
27. 7"7,.. )Tr.,..r, mc,.t, ( i,q_. 4, l>,:rr 5, ;. -'.1I', 57,._vYorte (t .gSq), p. !7.
24. l" S. Lu:';,cii ai,d I: t). 7..>, ,r,, <'.'.let?, ,,I fo* ]>redicti..hl cf Y't'.mp C_it.m-n Perforilmliou iri

_i .,rloHs l.l,_tlll_a," l.l= ]it p,.I,,la, , i

2S. K lJ. :',It,ore i,.mt It. _. it,,,,, ,r_, "'l'r<c Prediction of "l'_ler::-,nd_naz_,ic E';2ct_ of De_,'l',_,'_,:
Ua_ltat'.on B.<s:'d on l,lquid ii_ drol_,en ai.d i'reon- 114 I)ata in Sc:.'led \ e_*turi_," to be pubh:.hcd.

D]SCUSSTON

Q.tezlton b,: ]'_. }']'t't_.'7, NA,_JA Lev, i_ r:,csearch Centor- Have yOtl ir_.vcst!gatcd the role of
dls:t, v, t .! gases ut_ t_c : ,_:pfion of tt:c ca', _ty, and if _o hov. doc.; this comp:,re _ tth thz work of
Harorot:t ,_t the I :m_ roltF c,f 5l_l_lgat_.:

.- Sr,_r&'r t,y auth-,r: ?;_. we have not txamine,l the eff:.cts of dissolvtd vases on cavit-'tion
iw:elm.gn; b.o',,,e_er, on,."c.; the adv_ntayes ot enperimentmg _,lth clyouctilc lig_qJ.:_ is the mmlmTza-
tioi: o," tLe e.ff,.'ct_ of d_:,ol-'cd and rc "_ d gases upon m_cle:_tion. In c,ur te_ts commerci_lt:,-
a_ i!,L!c ],q,_,_:d,_r-,_,istr;. !3tered to re_r.o_c solid impurities, were tranMertel using condens_bie
pre,._urants, (c ?., hvd_'_ .:II g :s r,_er h)d_:.,_:-_'nIiqvld) to vw,hmze the_e ef, e_,s.
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